Lactic acid concentrations increased in refrigerated and freeze-thawed anaerobically stored ground beef. Bacterial counts were higher in refrigerated samples, but the ratios of gram-positive bacteria in refrigerated and freeze-thawed samples were the same. No differences in appearance or odor between refrigerated and freeze-thawed samples were noted after 2 days of aerobic storage. Initial lactic acid concentration can be used to predict the shelf life of frozen beef.
Beef is often coarsely ground, stored, and shipped in oxygen-impermeable casings to prolong shelf life before it is reground and aerobically packaged for retail sale or institutional consumption. While in oxygen-impermeable keeper packs, the meat is refrigerated or, in some instances, frozen.
Meat can be frozen intentionally or unintentionally. Keeper packs can be frozen intentionally to prolong shelf life, and sometimes the packages are inadvertently frozen when stored at low temperatures. Powdered carbon dioxide (dry ice) is added to meat by some processors as the beef is ground to reduce the temperature and to exclude oxygen to prolong shelf life. Too much carbon dioxide or too-low storage temperature can lead to inadvertent freezing of the package.
Ground beef, when refrigerated and stored in an anaerobic casing, has an environment antagonistic to many bacteria, such as gram-negative, proteolytic Pseudomonas spp. However, gram-positive, lactic acid-producing bacteria grow well in this environment. Freezing may alter the proportion of gram-positive and gram-negative bacteria in meat, as only 10 to 50% of bacteria may survive freezing temperatures and gram-positive bacteria appear to be more resistant to freezing temperatures than are gram-negative bacteria (1) .
In previous work, we found that the lactic acid concentration in refrigerated anaerobically stored ground beef correlates inversely with acceptability in appearance and odor of the meat once it has been reground and stored aerobically (3, 4) . Ground beef samples with initial lactic acid concentrations of <700 mg/100 g had low lactic acid concentrations and had higher acceptability ratings after 6 days of aerobic storage (4) . Measurement of lactic acid concentration has use, therefore, as a rapid method for detection of incipient spoilage in ground beef.
The objective of the present study was to determine whether ground beef that had been freeze-thawed would resemble refrigerated ground beef with regard to lactic acid concentration and acceptability in appearance and odor. It was likely that freeze-thawing could alter the microbial population of ground beef and, subsequently, the amount of lactic acid produced.
Three ground beef samples, each packaged in a 20-lb (ca. 9-kg) keeper pack casing with relatively low oxygen permeability (40 cm3 of 02 m-2 * day-' * atm-' [1 atm = 101.29 kPa] at 22.8°C), were used in this study. Initially, each sample was divided into two equal portions and the ends were resealed under vacuum. One portion was stored for 24 h at 7°C. The other portion was frozen to a core temperature of -20°C and thawed to room temperature before refrigeration. After the initial 24-h refrigeration, parts of each sample were reground to a fine cut (4.8-mm-hole plate) and the remainder of the packs were resealed and refrigerated once again. Additional portions from each pack were removed for regrinding after 1 and 2 weeks of anaerobic storage. The reground samples were analyzed for lactic acid concentration, total number of aerobic bacteria, and the proportion of gram-positive organisms in the total bacterial count, as previously described (4) . The remainder of the reground samples were stored in plastic wrap with high oxygen permeability (420 cm3 of 02 -m-2 day -1 atm-1 at 23°C) at 7°C for 2 days, after which time the analyses were repeated. In addition, appraisal of the meat for acceptable odor and appearance was conducted after these 2 days of aerobic storage.
Aerobic bacterial plate counts increased with duration of anaerobic storage of the keeper packs (Fig. 1) . After anaerobic storage, 2 days of aerobic storage also resulted in increased bacterial counts in both treatments, as would be expected. Bacterial counts in the sample which had been refrigerated were always slightly higher than in the sample which had been freeze-thawed. The freezing process no doubt killed some bacteria, and this killing is reflected in the lower counts. Longer freezing time increases the bacterial death rate (1) . The important observation is that freezethawing did not greatly affect the aerobic plate count or the proportion of gram-negative bacteria to gram-positive bacteria.
Duration of storage also had an effect on the concentration of lactic acid in the meat sample, depending upon the availability of air. The lactic acid content of both meat with duration of anaerobic storage at 7°C (0) and aerobic storage at 7°C after the beef was reground (OI).
samples increased during anaerobic storage but did not seem to be consistently related to freeze-thawing of the sample (Fig. 1) . After anaerobic storage, 2 days of aerobic storage always resulted in a decrease in the lactic acid content.
The proportion of gram-positive bacteria in the sample increased with duration of anaerobic storage (Fig. 1) . Aero- Panel members judging odor and appearance noted a decrease in acceptability of the meat samples with duration of storage (Table 1) . Acceptability data for freeze-thawed meat were not statistically different from data for the sample that had been refrigerated.
The increase in bacterial count after regrinding can be explained as an increase in the number of aerobic bacteria encouraged by the increase in available oxygen and the oxygen-permeable packaging. The drop in the proportion of gram-positive bacteria after regrinding is a reflection of the change from a population of lactic acid-producing bacteria that proliferate in the anaerobic package to an aerobic Pseudomonas flora that grows in the aerobic environment.
Growing pseudomonads can utilize lactic acid as a carbon and energy source (2) . This would explain the decrease in lactic acid concentration noted with increased duration of aerobic storage. There was no significant difference between the freeze-thawed samples and the refrigerated ones with regard to appraisal of appearance and odor. Lactic acid concentration can be used to detect incipient spoilage (3, 4) whether a meat sample has been refrigerated or freezethawed.
